Background The Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) demonstrated a survival benefit by adjuvant S-1 monotherapy in patients who had undergone curative resection of stage II/III gastric cancer, but there is still a need to improve the efficacy of treatment of stage III disease. We investigated the tolerability and safety of S-1 and oxaliplatin as adjuvant chemotherapy for stage III gastric cancer. Methods Japanese patients with stage III gastric cancer who had undergone D2 or more extensive lymphadenectomy were enrolled. In the first cycle, S-1 (40-60 mg/m 2 twice daily) alone was given orally for 2 weeks of a 3-week cycle. From the second cycle, S-1 was administered as in the first cycle and oxaliplatin (100 mg/m 2 ) was infused intravenously on day 1. Treatment was continued for 8 cycles. The primary end point was the treatment completion rate for eight cycles. Results Sixty-three patients were enrolled and 62 patients were included in analysis. The treatment completion rate was 74.2 %, which was higher than the expected completion rate of 72.0 %. The median relative dose intensities were 77.1 % for S-1 and 72.6 % for oxaliplatin, with 41.9 and 61.7 % patients requiring dose reduction of S-1 and oxaliplatin, respectively. Neutropenia was the only grade 3 or higher adverse event with an incidence 10 % or greater (32.3 %). There was no grade 3 or higher peripheral sensory neuropathy or treatment-related death. Conclusions S-1 and oxaliplatin therapy is suggested to be manageable and safe with optimal dose reduction and delay in selected patients for stage III gastric cancer after D2 gastrectomy, and warrants further evaluation in larger studies.
Introduction
Gastric cancer is a disease with high morbidity and mortality rates [1] . In Japan, gastric cancer is the third-leading cause of cancer death for both men and women [2] . Surgical resection is the first choice for localized gastric cancer in Japan, and adjuvant chemotherapy is recommended for stage II or stage III disease after curative resection [3] .
S-1 is an oral anticancer agent that contains tegafur, a prodrug of 5-fluorouracil, combined with two modulators (gimeracil and oteracil) [4] . The Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer (ACTS-GC) compared surgery plus adjuvant S-1 with surgery alone in patients who had undergone curative gastrectomy with D2 lymph node dissection for stage II or stage III gastric cancer. In that study, adjuvant S-1 demonstrated a significant survival benefit over surgery alone [5, 6] . Therefore, adjuvant S-1 has become a standard treatment for patients undergoing curative resection of stage II or stage III gastric cancer [3] . However, the efficacy of S-1 is still limited, with a 5-year overall survival rate of 67.1 % for patients with stage IIIA disease and 50.2 % for patients with stage IIIB disease. Also, the treatment benefit of S-1 seems to be smaller in stage IIIA or stage IIIB disease than in stage II disease as suggested by ACTS-GC [3, 6] . Thus, the treatment for patients with stage III disease needs further improvement [6] .
Several studies have been conducted to explore combination chemotherapy as adjuvant chemotherapy for gastric cancer. The CLASSIC study compared surgery alone and surgery plus adjuvant therapy with capecitabine and oxaliplatin in patients who had undergone curative resection of stage II, IIIA, or IIIB gastric cancer with D2 lymph node dissection. The 3-year disease-free survival as the primary end point was significantly improved with capecitabine and oxaliplatin therapy [7] . In Japan, a feasibility study was conducted to investigate the tolerability of adjuvant therapy with S-1 and cisplatin (SP). In that study, because of to toxic effects observed mainly during the first cycle of SP therapy, the treatment completion rate was lower than expected. Therefore, the treatment schedule was revised during the study period to include S-1 monotherapy in the first cycle and subsequent SP therapy in the second to fourth cycles, which resulted in an increase of the treatment completion rate [8] . Meanwhile, a randomized phase III study suggested that S-1 and oxaliplatin (SOX) was almost as effective as SP, and with a more favorable safety profile, as the first-line treatment of advanced gastric cancer (G-SOX study) [9] . Compared with SP therapy, SOX therapy has several benefits, such as unnecessary hydration during platinum agent administration, low renal toxicity, and little limitation due to renal function for its use. Therefore, we conducted a phase II study to evaluate the tolerability and safety of SOX therapy as adjuvant therapy after curative resection of stage III gastric cancer.
Methods

Study design and patients
This study was a single-arm, prospective, multicenter phase II study at 11 centers in Japan. The objective was to evaluate the tolerability and safety of SOX therapy as an adjuvant therapy in stage III gastric cancer patients who had undergone curative resection.
The inclusion criteria were histologically confirmed stage III gastric cancer (excluding T4bN2/N3 disease), R0 surgery with D2 or more extensive lymphadenectomy, age of 20 years or older, and Eastern Cooperative Oncology Group performance status of 0-1. Patients were also required to have adequate hematologic function (leukocyte count of 12,000/mm 3 or lower, neutrophil count of 1,500/ mm 3 or higher, platelet count of 100,000/mm 3 or higher, and hemoglobin level of 9.0 g/dL or higher), hepatic function [total bilirubin level of 1.5 times the institutional upper limit of normal (ULN) or lower, aspartate aminotransferase or alanine aminotransferase level of 3.0 times the ULN or lower, and alkaline phosphatase level of 2.5 times the ULN or lower], and renal function (serum creatinine level less than the ULN and creatinine clearance of 50 mL/min or greater). Disease stage was determined according to the 14th edition of the Japanese Classification of Gastric Carcinoma [10] , which was different from the classification used in ACTS-GC (13th edition), resulting in a slightly different stage III population between this study and the previous study. Patients were enrolled within 6 weeks after undergoing gastrectomy and administration started from 4 weeks to within 7 weeks after the operation. Patients were excluded if they had any of the following conditions: a history of any treatment other than surgery for gastric cancer; difficulty in taking orally administered S-1; or severe drug hypersensitivity or peripheral sensory neuropathy.
This study protocol was approved by the institutional review boards of all participating institutions, and the study was conducted in accordance with the Helsinki Declaration and the good clinical practice guidelines. All patients provided written informed consent before the start of the study. This study was registered with the Japan Pharmaceutical Information Center (JapicCTI-132122).
Treatment and assessment
On the basis of the results of the previous SP feasibility study [8] , the study treatment consisted of S-1 monotherapy in the first cycle and S-1 combined with oxaliplatin in the second and subsequent cycles. In the first cycle, S-1 was given orally twice daily for 2 weeks of a 3-week cycle. The dosage of S-1 was 80 mg/day for patients with a body surface area (BSA) of less than 1.25 m 2 , 100 mg/day for patients with a BSA of 1.25 m 2 or more and but less than 1.5 m 2 , and 120 mg/day for patients with a BSA of 1.5 m 2 or more. In the second and subsequent cycles, S-1 was administered according to the same schedule as in the first cycle and oxaliplatin (100 mg/m 2 ) was infused intravenously for 2 h on day 1. Before infusion of oxaliplatin, antiemetics (e.g., a 5-hydroxytryptamine 3 receptor antagonist and dexamethasone) were administered prophylactically to prevent nausea and vomiting. Treatment was continued for eight cycles unless any of the discontinuation criteria were met: the patient experienced a recurrence of the underlying cancer; the patient could not resume treatment within 3 weeks after the scheduled first day of the next cycle; the patient required more than a two-level dose reduction of S-1; grade 4 peripheral sensory neuropathy occurred; the patient required a prohibited therapy; the patient could not visit the medical institution regularly; the patient refused further treatment; or a decision by the study investigator. The dose reduction criteria for S-1 and oxaliplatin were similar to those used in the G-SOX study [9] . The doses of both drugs were reduced if the platelet count was less than 25,000/mm 2 , if the neutrophil count was less than 500 /mm 2 , or if grade 3-4 febrile neutropenia, diarrhea, or stomatitis occurred. The dose of oxaliplatin was reduced if the platelet count was less than 75,000/mm 2 on day 29 with delayed initiation of the next treatment cycle or if grade 2 peripheral sensory neuropathy was noted on the first day of the cycle. The dose was reduced by 25 mg/m 2 per level for oxaliplatin. If a third dose reduction of oxaliplatin was needed, the treatment was continued without oxaliplatin. The dose of S-1 was reduced by one dose level (levels 1 and 2 were as follows: 50 and 40 mg/day for patients with a BSA of less than 1.25 m 2 , 80 and 50 mg/day for patients with a BSA of 1.25 m 2 or more and but less than 1.5 m 2 , and 100 and 80 mg/day for patients with a BSA of 1.5 m 2 or more). Details of the dose modification schedule are given in Tables S1 and S2. During the study period, hematology tests, biochemistry tests, and assessment of symptoms and signs were performed before initiation of each cycle. The presence or absence of disease recurrence was evaluated at 6 months after surgery on the basis of the results of computed tomography or magnetic resonance imaging. However, if a patient discontinued treatment within 6 months and underwent final evaluation at that time, imaging at 6 months after surgery was not required. Adverse events were evaluated according to the Common Toxicity Criteria for Adverse Events, version 4.03.
Statistical analysis
The primary end point was the treatment completion rate, which was defined as the percentage of patients who completed eight cycles of SOX therapy, and included patients who continued with S-1 monotherapy after discontinuation of oxaliplatin therapy. The point estimate and 95 % confidence interval (CI) were calculated. Secondary end points were the ratio of delivered dose to the planned dose and safety. The planned dose was defined as the total dose if eight cycles had been completed without dose reduction. As exploratory analysis, we also assessed the relative dose intensity, which was defined as the ratio of delivered dose intensity to the planned dose intensity. Dose intensity was calculated as the ratio of the cumulative dose to the treatment duration per 21 days. Subgroup analyses of tolerability and safety were performed. The subgroups were defined on the basis of the following baseline patient characteristics: sex, age (younger than 65 years vs 65 years or older, younger than 75 years vs 75 years or older), BSA (less than 1.25 m 2 , 1.25 m 2 or greater to 1.5 m 2 , 1.5 m 2 or greater), Eastern Cooperative Oncology Group performance status, tumor histologic features, disease stage, tumor category, node category, type of gastrectomy, weight change after surgery (loss of less than 15 % vs loess of 15 % or more), and creatinine clearance (less than 70 mL/ min vs 70 mL/min or more). In exploratory analysis, we also assessed the proportion of patients with dose reductions by these subgroups.
The target sample size was designed to have appropriate precision for the treatment completion rate estimate. In this study, the SOX regimen was considered as feasible if the point estimate of the treatment completion rate was higher than 72.0 %, which was based on the actual treatment completion rates in ACTS-GC (77.9 %) and the CLASSIC study (67 %). Assuming the expected treatment completion rate of 72.0 % and the range of the accurate 95 % CI of the point estimate for the treatment completion rate of 25 % or less, we calculated the required sample size to be 55 patients. The target sample size was set at 60 patients to allow for some dropouts.
Safety was assessed in all of the patients who received at least one dose of S-1 or oxaliplatin (safety analysis set). The treatment completion rate and the ratio of delivered dose to the planned dose were analyzed for the patients who met the main inclusion criteria within the safety analysis set (full analysis set). Statistical analysis was performed with SAS version 9.2 (SAS Institute, Cary, NC, USA).
Results
Patients
Between July 2013 and February 2014, 63 patients were enrolled from 11 centers in Japan. One patient withdrew informed consent before receiving treatment, and 62 patients were included in the safety analysis set and the full analysis set. The patient characteristics are shown in Table 1 . The median age was 64.5 years (range 22-81 years). According to the Japanese Classification of Gastric Carcinoma (14th edition), 17 patients (27.4 %) had stage IIIA disease, 22 patients (35.5 %) had stage IIIB disease, and 23 patients (37.1 %) had stage IIIC disease. Total gastrectomy and distal gastrectomy were performed in 32 patients (51.6 %) and 30 patients (48.4 %), respectively.
Tolerability
Forty-six patients from the full analysis set completed eight cycles of treatment, and the treatment completion rate was 74.2 % (95 % CI 61.5-84.5 %), which was higher than the expected completion rate of 72.0 %. In 16 patients who could not complete the treatment, the reasons for discontinuation were as follows: treatment could not be resumed more than 3 weeks after the scheduled first day of the next cycle in seven patients (because of neutropenia in five patients, nausea in one patient, and thoracic empyema in one patient), four patients withdrew informed consent, the investigators decided that treatment should be discontinued in three patients, two patients showed recurrence, and one patient required anticoagulation because of pulmonary embolism. Forty-four of the 46 patients from the full analysis set who completed S-1 therapy also completed eight cycles of SOX therapy without discontinuation of oxaliplatin therapy (71.0 %, 95 % CI 58.1-81.8 %). In the other two patients, oxaliplatin therapy was discontinued because of the investigator's judgment because of adverse events. The mean and median ratios of delivered dose to the planned dose were 77.2 and 87.5 %, respectively, for S-1 and 71.2 and 78.6 %, respectively, for oxaliplatin. The mean and median relative dose intensities were 75.6 and 77.1 %, respectively, for S-1 and 71.2 and 72.6 %, respectively, for oxaliplatin.
Twenty-six patients (41.9 %) required reduction of the S-1 dose and eight patients (12.9 %) had reduction by two dose levels. In all of these patients, dose reduction was due to adverse events, mainly neutropenia and anorexia. Thirtyseven patients (61.7 %) required reduction of oxaliplatin dose and 16 patients (26.7 %) had reduction by two dose levels. The main reasons for dose reduction were neutropenia, peripheral sensory neuropathy, and anorexia. In five patients, dose reduction of S-1 was required at the start of the second cycle because of adverse events related to S-1 that had occurred during the first cycle. The adverse events that led to dose reduction were anorexia (two cases), malaise, nausea, elevation of C-reactive protein level, diarrhea, and neutropenia (one case each); the dose was reduced because of two or more adverse events in two patients.
Fifty-one patients (82.3 %) experienced a delay in the initiation of a subsequent cycle. The numbers of patients who experienced a delay after each cycle are as follows: 17 of 60 patients (28.3 %) for cycle 1, 20 of 56 patients (35.7 %) after cycle 2, 23 of 56 patients (41.1 %) after cycle 3, 20 of 53 patients (37.7 %) after cycle 4, 24 of 51 patients (47.1 %) after cycle 5, 18 of 47 patients (38.3 %) after cycle 6, and 26 of 46 patients (56.5 %) after cycle 7. The commonest reasons for delays in administration were adverse events, mainly neutropenia.
Safety
Adverse events were reported by all 62 patients. Grade 3 adverse events occurred in 39 patients (62.9 %) with no grade 4 or higher events. Adverse events of all grades with an incidence of 10 % or greater are shown in Table 2 . Among gastrointestinal adverse events, grade 3 anorexia, nausea, and diarrhea were observed in four patients (6.5 %), three patients (4.8 %), and one patient (1.6 %), respectively. Neutropenia was the only grade 3 or higher hematologic toxicity with an incidence of 10 % or more, and it occurred in 20 patients (32.3 %). Peripheral sensory neuropathy of all grades developed in 53 patients (85.5 %), but all events were of grade 2 or lower. Serious adverse events occurred in eight patients. All of the serious adverse events required hospitalization or prolongation of hospitalization. There were no treatment-related deaths. Two patients discontinued treatment because of recurrence (in the liver and in the liver plus lymph nodes, respectively).
Subgroup analyses
Results from exploratory subgroup analyses are shown in Table 3 , and the full results are given in Table S3 . The treatment completion rate was 71.0 % for patients younger than 65 years and 77.4 % for those 65 years or older, whereas the rate was 68.8 % for patients who underwent total gastrectomy and 80.0 % for those who underwent distal gastrectomy.
In the patients aged 65 years or older, dose reduction of S-1 and oxaliplatin was performed more frequently than in those younger than 65 years [54. 
Discussion
To the best of our knowledge, this is the first study to evaluate the tolerability and safety of SOX therapy as adjuvant chemotherapy for Japanese patients with stage III gastric cancer. The treatment completion rate was 74.2 % (95 % CI 61.5-84.5 %), which exceeded the expected treatment completion rate of 72.0 %. The frequency and severity of the adverse events observed in this study were similar to the known safety profile of SOX therapy in patients with advanced gastric cancer [9, 11] . Neutropenia was the only grade 3 or higher adverse event with an incidence 10 % or more, and the incidence (32.3 %) did not differ greatly from the incidence reported in previous studies of adjuvant fluoropyrimidine plus platinum agents after curative resection of gastric cancer (22 % reported by Bang et al. [7] and 37 % reported by Takahari et al. [8] ). Peripheral sensory neuropathy, an adverse event specific to oxaliplatin, did not occur at a severity of grade 3 or higher, and both the incidence and the severity of myelosuppression and other adverse events (excluding neutropenia) did not have a marked influence on the continuation of treatment. Thus, adverse events caused by adjuvant SOX therapy after curative resection of gastric cancer could be easily manageable throughout the entire study by dose modification according to the dose reduction criteria that have already been used for advanced gastric cancer. With regard to the toxicity of S-1 soon after surgery for gastric cancer, with reference to the SP feasibility study [8] , the treatment was commenced with S-1 monotherapy in the first cycle, whereas SOX therapy was given in the second and subsequent cycles. In all five patients who had S-1 dose reduction after the first cycle, the dose reductions were due to adverse events related to S-1, including gastrointestinal toxicity in four patients. On the basis of the dose reductions of S-1 after the first cycle, the grade of the adverse events did not increase during the subsequent cycles for these four patients, which may contribute to the favorable treatment completion rate. Dose reduction was performed more frequently in patients aged 65 years or older, but the treatment completion rate was not lower than that in patients younger than 65 years. Appropriate dose reduction is important for completion of adjuvant SOX therapy.
Although the treatment completion rate was higher than expected, 26 of 62 patients (41.9 %) and 37 of 60 patients (61.7 %) required dose reduction of S-1 and oxaliplatin, respectively. Although about half of the patients required dose reduction, the median relative dose intensities were 77.1 % for S-1 and 72.6 % for oxaliplatin in this study. Additionally, 51 of 62 patients (82.3 %) required chemotherapy administration to be delayed mainly because of adverse events. Thus, optimal management including dose modification and delay is very important for patients who have undergone curative surgery for stage III gastric cancer. In this study, we did not investigate the efficacy, and we do not know whether adjuvant SOX therapy could improve the prognosis of gastric cancer patients compared with S-1 monotherapy, which is the current standard adjuvant treatment in Japan. A randomized controlled trial is required to evaluate the efficacy of adjuvant SOX therapy.
In conclusion, this study suggests that adjuvant SOX therapy is manageable and safe with optimal dose reduction and delay in selected patients with curative resection of stage III gastric cancer. Further investigations are warranted to evaluate the efficacy of SOX as adjuvant chemotherapy in larger studies.
Human rights statement and informed consent All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964 and later versions. Informed consent or substitute for it was obtained from all patients for their being included in the study. 
